Fundamentals of Asset Management

Step 7. Optimize Operations & Maintenance
(O&M) Investment

A Hands-On Approach



Tom'’s bad day...
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Fourth of 5 core questions

What are my best O&M and CIP investment
strategies?
What alternative management options exist?
Which are the most feasible for my organization?
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AM plan 10-step process

r

\

Optimize
O&M
Investment

~

J

4.

at

Root Cause;
RCM; PdM;
ORDM

my best O&M and CIP investment strategies?
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Recall view 4. Management framework

Asset Management
Business Processes

4 )
Asset Management
Plans
\, 7z
4 )

Strategic Initiatives

Y
\

Annual Budgets

[ Operating Budget J [ Capital Budget J
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Definition

Maintenance - normal support, periodic and minor in nature,
required to sustain performance and functionality of an asset
consistent with design, manufacturer, and operational
requirements
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‘ What triggers a work order?

Computerized Maintenance Management System
(CMMS)

[ Input ]—>[ Thlrg%l%gh ]—{ Output ]
\

Work order generation
Crew scheduling

Crew outfitting

Crew performance
Job costing

( Citizen complaints
e Supervisor “drive- bys
e Field crew
observations
e PdM/condition-based

\_ maintenance ) \_* Materials management/
e System architecture & integration
o Database architecture
o Field interface
e Spatial interface
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Importance Of The Work Order: Asset Level

WORK ORDER

Type: PM or UM

Estimated bill of quantities
Actual

« Labor

* Plant

* Materials
Procedure followed

Failure mode noted
Primary cause of failure

Memos
Impact on customers

Unproductive time
Other issues

Tells us planned (PM) or unplanned
(UM) maintenance costs

Builds life cycle cost history; ties to
warehouse management

Tells us actual direct costs of activity

Tells us the activity used; necessary for
activity analysis

Useful in failure mode analysis
Necessary for causal analysis

Indirect costs on business; impact on
customers (consequence analysis)

Used in efficiency analysis

Data feedback enables substantive analysis
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‘ Bottom-line maintenance “KPIs” from an AM

perspective

Metric Definition Target

Availability The portion of time that a plant or major system is 95 — 99%
available for producing output of the required quality
and quantity

% Failure analysis The portion of equipment downtime events that 85 —
undergo a thorough analysis of failure modes, effects, 100%
and root causes

% Planned work The portion of corrective maintenance work hours that 85 — 95%
are planned and scheduled in advance (not unplanned
breakdowns)

% Overtime The portion of maintenance work hours that are 5-8%
performed at an overtime rate

Relative maintenance Annual maintenance spending as a percentage of 1.5 -

cost asset replacement value of the plant being maintained 2.5%

Technician productivity The percent of work hours spent on productive 70 —85%
activities versus nonproductive (rework, waiting for
parts, etc)

% Rework The portion of maintenance work that has to be 2-5%

redone due to poor installation, shoddy workmanship
or incorrect diagnosis
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Importance of the work order: Portfolio level

WORK ORDER Asset-linked costs enable
significant analysis...

Asset details
e Type
Category

What type of sewer suffers
the greatest number of

_ blockages caused by tree
Size roots?

Condition

_ How many failures are
Performance history

| experienced by water mains
Failure modes of different ages in different

ground conditions?
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‘ What Distinguishes EAMS from CMMS?

[ CMMS

Ve

Work
Order 1

Work
Order 2

Work
Order N

Focus is on the maintenance
work order and maintenance
performance for a defined period

+

[ Asset Registry
J
Asset 1
4 \
Asset 2
Asset N

Focus is on an asset’s performance
over its life cycle and on aggregate
performance of asset groups

Fundamentals of Asset Management
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‘ The asset portfolio view - 1

Inventory of water mains by category and installation year Your Town, USA

HAMEMN

miles

PVWC

installation year

1940-1944
19501954
1960-1964
1970-1974
1980-1984
1990-1994

1955-1959
1965-1969
1975-1979
1985-1989
1995-1999

1945-1949
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The asset portfolio view - 2

Survival functions for categories of water mains Your Town, USA
long life expectancies
HAREWY
100% AC
CILL
CISL
§0%
CO
50%
50%
40%%
30%
20%
10% _|
! |Eh
0g N - e
LI} 20 10 60 g0 100 120 140 160 150 200
yvears of age
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The asset portfolio view - 3

Length of water mains to he renewed
hased on long life expectancies for categories of water mains

Your ann_, USA I—'ﬁj

HAMERS

miles

2000
2005
2015
2020

E 2010

Fundamentals of Asset Management
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The Cost of Maintenance

Rule of thumb

Roughly speaking, planned maintenance costs
one-third less than unplanned maintenance for
the same task

Fundamentals of Asset Management
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Transition to Planned Maintenance

Mapping total cost—the practical side

Unplanned costs

+
Planned costs

Total cost

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 VY12
Time/Usage

Fundamentals of Asset Management
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‘ Evolution of maintenance techniques

Unplanned (reactive) maintenance

Proactive strategies

Preventive maintenance

—

Predictive maintenance

e

Condition-based

Usage-based

Run to failure

(Redesign)

Fundamentals of Asset Management
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Fitting maintenance strategies to failure curve

3
2 Corrective maintenance
Predictive maintenance reactive-based strategies
condition-based strategies Failure Repair ‘Repair
occurs scheduled initiated
Failure I Parts, manuals
reported I & tools

Vibration located

Oil

Performance

1
Preventive maintenance
time- and usage-
based strategies

|
|
|
|
|
|
|
eat |
|
|
|

Time
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Cost comparison strategies & tactics—the

maintenance toolbox

Core strategies
Reliability

productive
maintenance

centered
maintenance

breakdown
maintenance

Operational tactics

Design Asset Early :
reliability condition equipment Margzﬂﬁgge
analysis assessment management P
Accelerated Infrastructure, equip- Commodity Design
deterioration ment, & component configuration for
elimination standardization management serviceability
Failure Demand Location Standardized
lead-time criticality failure failure
analysis classification analysis codes

Fundamentals of Asset Management
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Total productive maintenance

Embraces both asset design and maintenance
Goal is to maximize Overall Equipment Effectiveness
(OEE), where

OEE = availability x performance efficiency x “first-time-through” quality
Focuses on developing a comprehensive asset
management plan for each asset for the life of the asset
Ties maintenance objectives to the value chain (set-up
time, lack of materials, poor quality, equipment functional
failures, etc.)
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Zero breakdown maintenance

Comprised of six core strategies

Eliminate continuing deterioration by establishing basic
equipment conditions

Eliminate continuing deterioration by complying with
conditions of use

Restore equipment to its optimal condition by restoring
deterioration

Restore processes to their optimal condition by
abolishing conditions that cause accelerated
deterioration

Lengthen equipment lifetimes by correcting design
weaknesses

Eliminate unexpected failures by improving operating
and maintenance skills
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Zero breakdown maintenance

Strategies are deployed in four steps
Reduce variation in failure intervals
Lengthen equipment life
Periodically restore deterioration
Predict equipment life from its condition

Fundamentals of Asset Management
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Reliability-centered maintenance—the seven

fundamental questions

What are the functions and associated
performance standards of the asset in its
present operating context?

In what ways does it fail to fulfill its
functions?

What causes each functional failure?

What happens mechanically when each
failure occurs?

In what way does each failure matter?

What can be done to predict or prevent
each failure?

What should be done if a suitable
proactive task cannot be found?

/ Techniques \

» Function and
performance
standards

« Functional failures
» Failure modes
» Failure effects

« Failure
consequences

& Proactive tasks /

Fundamentals of Asset Management
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Intervention action—RCM

B ltem Analysis

n PUMP Analyst: | Steve Perrin j
_ . o : Date: | 22-Nov-02
Significant for Analyziz;  Criticaliby: Risk Azsessment: Quantity / gystem: . :
[Tes |Cost Critical =1 Jrow = || 5 MEA Type: | Physicalltem = |
Description: Failure Modes:
y Purmp Mo, 1 and Pump Mo, 2 are Flugt LL360:2/335 Submerzible Pump Sets Cable connections burned. MC |«
lozated in Pump Station Bw 1. The pumpset comprizes a 230k, 4150AC, BOHz i ain bearing overternp warming failed. CC &
FMECA drive unit and 16001z pump unit. The drive unit conzizts of 3 statar houzing, M ator averheat warmning failed. CCo o«
BN |:tator, end sleeve, bearing hausing, mechanical zeal and connection caver. The Purmp coroded. CCo |«
upper support bearing is a grease lubricated single row roller bearing and the main “Pump does not iun. -
_}? bearing azsy c_:u:umprises bwo single_ n:uw_l:uall I:ue_arings and a Single_rnw r_u:uller bearing, F'ump mpeller damagedyenoded, WE |
all greaze lubricated. The hpdraulic unit congists of a pump houzsing with -
; ; ; i : L Pump suction obstructed, CC |«
mechanical zeal, impeller and suction houzing. The pump housing cavity iz ail filed P i ; b dlimit NE
Tazks to provide cooling of the drive unit and hydraulic unit mechanical seals. & rubber Hurgp ur;; wEAT nfng o beyond fimes. ML ®
wear fing iz fitted to the suction cover to mate with the outer perpheny of the BaUCE ':'_Utpm rom pump. &
impeler. Stator windings owverheat. MC |«
Water contamination of cooling oil, MC |«
ER ITT Flygt indicate that the purps are configured with sensors for stator winding Wwhater cortamination of cooling oil CC |«
termp [FTC140], stator housing leakage [FLS), main bearnng temp [FT100), water Wiater in junction box, MC |«
Risk Wiater in ol housging senzor [CLS30] failed. CC |«
Protective Devices & Failzafes: Redundancy: | Full =] "water in stator sensaor failed. CC |«
_ Stator winding and main bearing Two pumps €ach capable of 138
[E: overtemp indications. MUd, 2y=tem peak load 130 MU,
=N Fhio: | Functions: | Pis: | EM: FFlo: | Functional Failures:
| 1 |Pump effluent at required rate (33ML/d to 130MLd). P E p| 14 |Failto pump efflusnt.
1B | Pumps effluent at reduced rate.
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‘ Intervention action—RCM, cont.

B FMECA - FLEXIBLE COUFPLING [_ (O] x|
Failure bMode: |Bults looze, Failure Cause:
- - Fatigue,
E Local Effect: |Dr|ve failure. | ; 2 =
Mest Effect:  [Drive failure. |
Failure —
b End Effect: |‘Jessel out of zervice. !
Feazoning: I's the faifre evident to the aperator i the course of normal duties? Yes =
il WS the faiiuve calse g functional loss or secandary damage that conld have a direct adverse effect on Ho
REsumE safety?
Clear 1400 the fallare result in loss of emergency or backup function? Ho
ﬂ WA the faifure resalt in divect aaverse effect on the epviranment? Ho
WA the faifure resalt in foss of function? Yes
Is & fuprication or yeplenishment task applicable and effective? Ho
Is an Orn Condition task applicable and effective? Yes e
Is the percelved cost of falluve greater than the percelved cost of preventive malntenance? Yes
-
Detectable by: |F'erfu:urmanu:e loss. |
Predictable by: [vizual surveilance. |
Conzequence: |Functiun ;l Age Exploration: | Mo« Redezign: Mo -
Ewaluatior: Drrive faillures on B04 installations were cormmon. Fecommend this task be retained for B20 engines until failure pattern iz
determined.
Check flexible coupling for cracking and inzecurity of bolks. 1000 HR FLEXIBLE COUFLIMG

Fundamentals of Asset Management
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‘ Alignment of routine O&M activities with organizational

strategies

mrganizational strategiem

strategic (customer) and
tactical (asset unit) levels

LOS performance targets:

:

[ Agency-wide asset

]

k pe rformance targets

_/

a

Routine O&M and capiteh
activity cycle

Plan q> Schedule

¢

\ Control

Eval.

3

: Execute

Fundamentals of Asset Management
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‘ Using failure modes to determine probability of failure

Decision Issues

Start Is capacity Yes Likely before
an issue? other modes?
A

No |e

v
?ha;nlt__:](gil Yes | Likely before
?
from design? other modes:

No |«

v
& e Yes | Likely before
reliability other modes?
an issue? :

No |e

v
Redo—it. has No Is cost Yes Likely before
to fail to operate th des?
somehow an issue? DA reeles:

Failure Mode

Yes

Capacity
Yes

LOS ]

Yes )

Mortality ]
Yes

Efficiency ]

Fundamentals of Asset Management
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Tactical-level failure modes

Is there a
cost-effective
non-asset
solution?

Treat as
mortality
mode

No

\ 4

Is operator
error the
cause?

No

\ 4

Is proactive
maintenance
an option?

Yes

Yes

Yes

Activate
solution

solution

Activate ]

Test_ Yes
proactive
maintenance

No

\4

Run to failure,
refurbish, or replace
(ORDM)

Activate
solution

Fundamentals of Asset Management
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Failure mode-based management logic

[ Failures ]

Are
Significant

|

Cannot Be Prevented Can Be Prevented
by Maintenance by Maintenance

) |

~
Are Not

Significant

y,

~
Prevention
Effective?

y,

Yes

Redesign, Replace,
Overhaul

Schedule for

Maintenance

Run to Failure,
Repair

No

4[ Repair & Monitor ]

Fundamentals of Asset Management
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Mortality failure mode: Determining appropriate

maintenance tactics

{

Consider run-to-

Test proactive Is failure ] No failure with planned
maintenance predictable? "| corrective failure
response
Is prediction ] No
feasible? J
\ 4
é ™
Based on Yes Cost Yes C_o_nS|der
condition? ) condition-based
: maintenance (CBM)
\_ J
4 )
v Consider
Y\ Yes usage-based
Based on Yes Cost | maintenance (UBM)
. \_ J
usage? effective?
/ No

Fundamentals of Asset Management
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Predictive maintenance and the monitoring
interval

Monitoring Interval Too |late!

| N\

O
&)
C
£
= ‘Pto F”
o interval
o

F Fa;silurr

Time

Can the progression of the failure be detected? Is there typically
enough time to respond? Does consequence exceed cost of cure?
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‘ Cause and effect diagram—what to monitor

|
Effect ! Effect-Cause

I
Main breaker Breaker
thrown overload

}

_[

Motor
overload

]_

Bearing
dry

Root Cause

r

Breaker

,{ failure
[

Effect
U= [ cause I
Effect :
U—>| cause
Effect
NES

Cause

Pump
overload

Bearing
stressed

Grease cap
failed

Misaligned

Not fully
seated

Impeller
jammed

Defective

Defective
breaker case

Defective
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‘ Condition-based maintenance: Vibration analysis
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‘ Power evaluation

Bamplu County - Waste Water I.Iﬂiltlu Eyms
Lift Stations - Electrical Report - Data ay Recorded, June, 1998

Vu!tag-a Line to | Horsepower and
I Vaoltage Drops Power Data Load P \
Number |AwB Bl CwA

A B | €  KVA KVAK] KW T PF  Calc. | Rated | Percent
B0 E.ﬂ1_ 006 87 68 68 900 81 1500

s

nnnnn

175 8 172 9&7 231 @500 o7 A

K] ; 185 ©OBE 248 25 ﬁﬁl 5

17,8 280 176 987 26| 2500 o4
12

e

O 2430 244.0]
,—f|_mu 4730 4750
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ot : 338 127] 203 4D 273

N 3B BT TIa 2
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| 340 21806 49 51 n 15 13 &as 200 AL
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Most condition indicators are not visible to the
unaided eye

Infrared view

Fundamentals of Asset Management
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Alignment of inspection and correction data

—

Cougp
pearing raldure

A
b ] .“I' .I 8 E

L

Fundamentals of Asset Management
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‘ Baseline machine performance tests

EQUIPMENT EVALUATION REPORT

PUMP PERFORMANCE CURVE

EXFMPLL
IMFLUENT PUMF MO. 4

10101 500
o) —3 4m0
a0 ] 480
o 7O e I — PP
g g, s ety =
531 S o T Nl - 420
E SOF | = \-:‘i‘:i.-w L . a1 E
F ; e 7 o E H
P40 el e S [ 380 P
| = r -‘“““'\-1 O
. TF > 3\ = 360 -a- FAC
& 20F i St ——JEreB 4 40 8- EF
10 : I_.r'". _ f 20 il e
UEI. A d i - il i | PR 1 3 ] 3["'] —— T]:l"
d i &0 12000 18000 L4000 30000
Jduno S0CO 15000 21000 a0

TBH = TESTED H/'(h CURVE

GALLONS PER MINUTE

EHP = TESTED ELECTRICAL HORSEPOWER

EFF = TESTED EFFICIENCY

FAC = APPROXIMATE FACTORY H/Q CURVE

Baseline at handover sets life cycle benchmark. Conforms to factory test curves?
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‘ Status sheet (summary)

EQUIPMENT STATUS SHEET

O % DMITTED **, FLORIDA

Overall condition

G Picture of machine

/ Description

EQUIr. W, HEF TE0ED GRGUF B FOP LATH: G2/53, se
T P i . DHITER o
MARTFAST R (D0 5. diicmwic MOTORG MRNIERCL R ; fhis .t'\.ﬁ.l'l'l:':l ¥OESET

HOruEHIR| TS AE MR TATR
e e 4_—- All nameplate data
FHREIRCE |14l f;‘::

FEASD/DY, |3 L |-'

.?;ﬂ

SERTAL. W .l.-:l-li-:‘- -CIJ.EI

-3 ERALAL MO | GEZTAL =1
B e el Electrical data
YDATH A-%  4B%.0| amps A 120, v LROF A 0,05 |K& w3.% |KVAN .23,0
UCLTA B-c 4t .| aMBE B 130 3 1' DAGE B 0.1 |KdR w4 |pF av.a
TLTS Se& Al RHPR £ 1LY 4 ;“r.q:--" oo | |:n- »3_2 I;H.I.' L9%.d
FLEsT K1l chemmsl eml oloctrisal :::rr:l Elooan ars I ||I'I'-C| TEREE EE -:‘ '-.’
BEMMAYS. |spmoczct thersal sconeliea, The clootrical loed ia sstiafuc=ury h
_ane avel -ppe G :-L.-.'Ilh.|, A idal Ste Abel 4 dvy
@91 e N as. B, 10 a4 9L 4T| 0 RS T h . .
;-_-;;’-bu.. Rlignmecl russ b Ssrpec r.ud. Funp farlngs nIe srowing eslsns ot Vlbratlon data
Enckwacdn . Sea - rnsoch

RFARRE |diasress. dos &l ljiseenl ropdit H:-n:hr-. Bl - \
_.51.1..mﬁz._|_k.-‘l.l FIRCRBOCAL m  B.2 . AKCERS PREELSST, i
[ YT= A ELE B CiM % KGR AT ®OOLLOH "VJ:E..L..I; 7

Alignment data
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Equipment status list

Severity color code

EQUIPMENT SUMMARY REPORT - STATUS LIST

June, 1998

39
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Failure codes

Use cause-effect diagrams
to create codes

Define codes by class of
asset

Use “drop-down” list

/ Failure Code \

Coupling failure
Lube fault
Misaligned
Operator error
Overloaded
Water damage
Worn

/

Fundamentals of Asset Management
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‘ Condition-based maintenance

“‘Nameplate” Data

+

. . . . . . Electro-
Vibration Sonic Thermal Electrical ||Performance||Oil Residue .
. , : . . , magnetic
Signature Signature Signature Signature Signature Signature .
Signature
S
Curve Description: {1 fa?l'Trzs
Graph ; Details ; [ l
Are Are not
1 significant significant
I —
2 2 3
= Predictive Maintenance
% 3 ) Condition Based Strategies Failure Repair Repair
i Q Occurs Scheduled Initiated
= j= 1 ) 1 1 :
2 © Failure Parts, Manuals Service
3¢ E ! Reported 1 & Tools 1 Restored
= = Vibration 1 I I Located ! 1
O Oil 1 1 1 1 1 1
Y
5 E | I 1 1 : 1
1
o 1 1 : : : 1 :
B Preventive Maintenance Bt [ | 1 I
0 10 20 30 40 a0 &0 70 a0 Time and Usage 1 I 1 1 1 1
Age (years) Based Strategies : 1 : : : :
: 1
Update Reason: ;Update lj 4 ! l l ' I I ' ! ! I l }_I_{
i e i Time
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‘ Toward a maintenance strategy business case

Table 6.6

Mitigation Strategies: Reuse Scheme Only Failure Modes

Maintenance Scenario A

Maintenance Scenario B

Maintenance Scenario C

Maintenance Budget

Maintenance Budget
$15,000

Maintenance Budget $7,000

Maintenance Budget $3,500

Probability Improvement
cause by maintenance

0.5 Reduction

Same Probability

1.3 Increase

Improved |Business Risk| Improved Business Improved |Business Risk
System / sub-system / Probability | Exposure ($) |Probability of Risk Probability of | Exposure ($)
component of Failure Failure Exposure ($) Failure
Delivery Channel 0.010 $ 302 0.010 $ 302 0.010 $ 302
Pump Station
1 pump fails 0.150 $ 648 0.300 $ 1,296 0.390 $ 1,685
2 pumps fail 0.050 $ 684 0.100 $ 1,368 0.130 $ 1,778
3 pumps fail 0.025 $ 761 0.050 $ 1,523 0.065 $ 1,980
All pumps fail 0.005 $ 302 0.010 $ 605 0.013 $ 786
Control System
Power supply / sub-station 0.050 $ 1,512 0.050 $ 1,512 0.050 $ 1,512
Rising Main
Pressure or pipe deflection 0.030 $ 907 0.030 $ 907 0.030 $ 907
Adjacent construction work 0.050 $ 1,512 0.050 $ 1,512 0.050 $ 1,512
Massive earth movement 0.050 $ 2,268 0.050 $ 2,268 0.050 $ 2,268
Ground movement 0.050 $ 2,268 0.050 $ 2,268 0.050 $ 2,268
HOR Storage
HORS structure 0.050 $ 1,368 0.050 $ 1,368 0.050 $ 1,368
Variable Gate - Outlet 5W 0.050 $ 342 0.100 $ 684 0.130 $ 889
Variable Gate - Outlet to
eastern carrier 0.050 $ 342 0.100 $ 684 0.130 $ 889
Penstocks - Actuator Fail 0.050 $ 342 0.100 $ 684 0.130 $ 889
Penstocks - Manual Overide 0.050 $ 342 0.100 $ 684 0.130 $ 889
External Factors
Power Failure 0.200 $ 3,024 0.200 $ 3,024 0.200 $ 3,024
Total $ 16,925 $ 20,689 $ 22,947
Sum of Maximum Value $ 8,474 $ 8,485 $ 8,942

Conclusion

Justifiable maintenance between $1,500 and $3,500 per annum.

Fundamentals of Asset Management
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Major components of asset data

Used to create an asset ID...

Physical attributes
Geo-reference

O&M manuals
Drawings and photos
Life cycle costs
Knowledge and strategy

Direct Labor

Direct Pay

Owerhead

Benehl Burden

FIGA, elc

|Malemals

Vehile

Pipe

' EEABEE B

Fundamentals of Asset Management
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‘ Tying together failure, reliability, and design

: I

| I-I[EEJ DESIGN |m—te] DETECTION OF FAILURE SOURCES [

RELLARALITY ASEEESME-I':T | PLANMNED  REWABLITY I

- —— DECISIONS |

Figwe 4.2 Reliobility Growth Manogement Model (Assessment).

Military Handbook 189, Reliability Growth Management 1981

Fundamentals of Asset Management



Linking maintenance and design

Prepare operational specifications and
Evaluate development procedures, develop maintenance and

options inspection strategies, prepare input to asset RCM

reference plan, develop facility data

Development Design &

design construction

Maintainability checks

Prepare and

Plan

—
Review and update

consolidate plans
and budgets

/

maintenance strategies,

Decide on remedy or |mpr0ve performance, estimates, Schedule
: reference plan, FEMCA
improvement (or
abandonment)
Schedule asset related work
Abandonment
Analyze Identify and
ORDM Execute define
Analysis of asset unforseen
performance and work
maintenance system
effectiveness
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Key points from this session

Given my system, what are my best O&M strategies?

Key Points::

Reactive emergency maintenance can be
the most exper)sive type of maintenance deployment
and should typically make up no more T

than 20% to 25% of total maintenance Reliability Centered Management

effort Root cause analysis

Associated Techniques:
Condition-based monitoring plans and

Preventive and predictive-based pro-active
strategies should comprise the bulk of the
effort

Assets, especially dynamic assets, leave
discernable clues as to their capacity to
perform.

The most cost effective maintenance
strategy for a given asset is determined by
the likelihood of failure and the
consequence of failure.

“Run to failure” may well be the most cost-
effective maintenance strategy for a given
asset, but only when coupled with a

carefully developed failure response plan.

Asset maintenance strategies (zero
breakdown, total productivity, reliability
centered maintenance)

Failure response plans

Fundamentals of Asset Management
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Tom’s spreadsheet

Microsoft Excel - EPA Sem

File Edt Wew Insert Format Tools Data Window Help Adobe PDF .= ﬂ
Dl SRV {aBRS - @ = &g B
pril -n - sy B % 5 %

| 13 | =
A F G H | J 1 s
B What is the State of My Assets? Required LOS? Which Are Most “Critical™?
Asset Register and Hierarch Installed | Asset | Original is‘:":"'::::: Condition | Annual Current Minimum HE:::::n Probability of | Consequence
Date Class Cost B Rating Dep LO5? Condition Failure Failure
7 Life [Redundancy]
g | Curre| 2006 ‘fear ¥ ‘fears 1o 10 ¥ ¥ ES Rating 1ta 10
9 Lewel 1Leue| dLeueI ieuel 4 Leyel 5 ActorEst | Tab A | ActorEst | Calculated Tab A Calculated Calculatedl | Tab A | TabD | Calculated | TabC i
10| Sanitation System | -
1 Disposal System
12 Treatment Plants
13 | Collection Systems [
4 Sewer Mains
15 Pump Station
16 Inzoming Sewer Aug 1500 cfm; peak 2100cfm
17 Fipes 1963 3 $ 1725 100 B k3 g 742 2 {14 4 ]
12 Manhole 1963 3 k3 340 100 5 k3 il % HE 2 {14 4 ]
13 Influent Gate Valve 1326 5 k3 442 30 g k3 Bl § 295 2 {14 T ]
20 Inzoming Power 20 kw peak.
21 Pole & Transformer 2008 4 ¥ 40 1 ¥ = ¥ 2 03 0 5
22 | Connection 2006 T £ 35 1 k3 = ¥ 2 {14 1} ]
23 Cantral system
24 Incoming Telephone 1385 g ¥ 85 25 7 ¥ 3% il 2 03 2 2
25 PLC 1383 g $ 8800 25 g ¥ ¢ T2 2 {14 ) 2
26 Manual controls 1378 g ¥ 425 25 7 ¥ 1§ 476 2 50 5 2
27 Land & Improvemnts.
28 Land 1950 0 k3 E30 200 1 k3 2] % 12 4 {14 2 1
23 Access Road 1963 1 $ 12500 il 5 k3 167 | & TIET 4 1 B 1
30 Landscaping 2000 1 k3 535 75 B k3 8 % 45 3 {14 1 1
A Security fence 1963 1 $ 1360 75 7 k3 Bl g a0 2 {14 & 3
32 Sub Structure
k] Cassion Quter 1963 1 $ 20800 75 B ¥ 408 | § 17.544 3 {14 & 4
34 Upper Flaor 1963 1 $ 4250 75 B k3 57 | & 2437 3 {14 & 4
26 Diry well 1962 1 $ E200 75 E % 9 (¢ 2893 2 14 E 4
36 Landings and Stairs 1963 k) $ 4250 1] 7 k3 Tl $ 3046 2 {14 T 4
ar wet Well 1963 1 $ 5100 75 B k3 B8 | § 2924 3 {14 & 4
el Shaped Foor 1963 1 k3 850 75 B k3 ] § 487 3 {14 & 3
o] Surmp pumy 1963 4 k3 535 40 B k3 6§ 640 2 {14 10 4
40 Pumps peak 2100cFm
41 | Crive shaftz 2006 B $ 12560 35 1 ¥ 359 ) # 2 TED 10 TED
42 Pumps 2006 4 $ 23,750 40 1 ¥ 4| & 2 TED 10 TED d
M 4» M{ E-Renewals|« 1 v

Ready
E @ & = | @% Module r@I::luru:an R

S | 6 EPa 0 Overy | &8 Day 1.EPA,

Fundamentals of Asset Management



	Fundamentals of Asset Management
	Tom’s bad day…
	Fourth of 5 core questions
	AM plan 10-step process
	Recall view 4: Management framework
	Definition
	What triggers a work order?
	Importance Of The Work Order: Asset Level
	Bottom-line maintenance “KPIs” from an AM perspective
	Importance of the work order: Portfolio level
	What Distinguishes EAMS from CMMS?
	The asset portfolio view - 1
	The asset portfolio view - 2
	The asset portfolio view - 3
	The Cost of Maintenance
	Transition to Planned Maintenance
	Evolution of maintenance techniques
	Fitting maintenance strategies to failure curve
	Cost comparison strategies & tactics—the maintenance toolbox
	Total productive maintenance
	Zero breakdown maintenance
	Zero breakdown maintenance
	Reliability-centered maintenance—the seven fundamental questions
	Intervention action—RCM
	Intervention action—RCM, cont.
	Alignment of routine O&M activities with organizational strategies
	Using failure modes to determine probability of failure
	Tactical-level failure modes
	Failure mode-based management logic
	Mortality failure mode: Determining appropriate maintenance tactics
	Predictive maintenance and the monitoring interval
	Cause and effect diagram—what to monitor
	Condition-based maintenance: Vibration analysis
	Power evaluation
	Most condition indicators are not visible to the unaided eye
	Alignment of inspection and correction data
	Baseline machine performance tests
	Status sheet (summary)
	Equipment status list
	Failure codes
	Condition-based maintenance
	Toward a maintenance strategy business case
	Major components of asset data
	Tying together failure, reliability, and design
	Linking maintenance and design
	Key points from this session
	Tom’s spreadsheet

